The purpose of the study was to measure objectively the home use of the reciprocating gait orthosis (RGO) and the electrically augmented (hybrid) RGO. It was hypothesised that RGO use would increase following provision of functional electrical stimulation (FES). Five adult subjects participated in the study with spinal cord lesions ranging from C2 (incomplete) to T6. Selection criteria included active RGO use and suitability for electrical stimulation. Home RGO use was measured for up to 18 months by determining the me? number of steps taken per week. During this time patients were supplied with the hybrid system.
Introduction
Long term compliance with the reciprocating gait orthosis (RGO) has been found to be poor (Sykes et al., 1995) . One contributory factor for this may be the energy requirements associated with its use. It has been suggested that reducing the energy cost of walking will allow the patient to use the device "over longer distances and periods of time, and thereby incorporate it in his daily living" (Hirokawa et al., 1990) . To achieve this the mechanical orthosis has been combined with electrical stimulation of the thigh muscles to produce a "hybrid" system (Solomonow et al., 1989) . Stimulation is used to assist the propulsion of the patient. This system has been reported to improve ambulatory efficiency (Hirokawa et al., 1990; Petrofsky and Smith, 1991; Phillips and Hendershot, 1991; Isakov et al., 1992) . The authors were unable to demonstrate substantial improvements in energy cost during ambulation following its introduction (Sykes et al., 1996) .
Evaluation of the RGO and hybrid orthoses has been carried out largely in the laboratory environment and has concentrated on physiological benefits. Little attention has been paid to their use in the home environment. The clinical significance of laboratory based results can only be interpreted by comparison with objective measurement of patients customary use of the orthoses "in the home". This should be considered when evaluating either orthosis.
Methods of measuring normal daily activity include observation or self-reporting techniques using, for example, questionnaires or the diary method. However, use of these methods has limitations in that they rely on retrospective recall or are restricted to only a part of the patient's life. There is a need, therefore, to find methods of objectively measuring patient activity over a continuous time span, with an acceptable accuracy and with minimal disturbance to the subject's daily routine. One method is to measure the number of steps taken by the subject. This approach was adopted by Bassey et al. 
Method

Subjects
Five adult subjects participated in the study (Table 1) . Using the ASIA impairment scale, neurological level of lesions ranged from C2(C) to T6(A). Four subjects had suffered traumatic lesions (median time since injury of 10.5 years, range 8-14 years). Subject 4 was diagnosed as having had myelitic illness. This subject had some preserved motor function below the neurological level. All subjects were successfully using the RGO at the start of the study (median time since RGO supply of 5.7 years, range 4.1-7.3 years). Subject 4 was the only community walker.
Hybrid walking system
Each subject was supplied with stimulation equipment after a period of muscle conditioning and gait training with the hybrid system. The stimulation protocol was derived from Values assume an output impedance of lm.
During muscle conditioning the o d o f f duty cycle was 1.5s. and 4 0 0~~ (LSU II), and an output of 0-1 15mA
RGO 'step' counter
Three alternatives were tried for the measurement of steps taken in the RGO and hybrid orthosis. Firstly, a commercial, digital pedometer was used (GB, Allsports). This pedometer records the acceleration and deceleration movements in one direction. At rest, an arm, balanced by a delicate spring, is displaced upwards and the circuit is disconnected. When the arm moves downwards (caused by jolts as the wearer moves) the circuit is completed and one step is registered on the pedometer. The manufacturer's instructions are for the pedometer to be fixed to the waist. It was found to give inaccurate results when used in conjunction with an RGO. More accurate recordings were achieved when the pedometer was placed on the thigh strap of the RGO. The main problem with the pedometer was that it required operation by the patient. Therefore, it was not adopted in the study. Secondly, a magnetic switch counter was tried ( Fig. 1 ). This comprised a 6-digit magnetically actuated counter (RS, which was sited on the thigh upright of the RGO. The counter had a switching rate of 20 digitdsecond. A small magnet, fixed onto the end of a metal arm, was pivoted from the centre of the orthotic hip joint. As one step was taken the arm (and hence the magnet) moved through an arc and past the counter causing one step to be registered. The main problem with this method was the bulk required at the hip joint in order to get a sufficient lever arm and range of movement. The device tended to catch on clothes and was frequently pulled off. It also obstructed the hip joint release mechanism on the RGO and was abandoned.
L . Sykes
Finally, a contact switch was used which was combined with an electronic counter (Syrelec, Farnell) ( Fig. 2 ). This was the most reliable system. The contact switch comprised two thin pieces of aluminium foil (approx. 3Omm x 30mm), separated by a piece of plastic sponge foam (approx. 4mm thick) into which a circular hole was cut. The whole switch was contained in a vinyl pocket and taped onto the heel area at the base of the ankle-foot orthosis (AFO) on the RGO. The switch was connected via a jack plug and socket to a counter which was sited on the thigh upright of the RGO. When the contact switch was compressed during weight bearing one step was registered. The counter displayed up to 999999 steps and was powered by lithium battery (RS). The reset mechanism was not accessible to the patient, so that the value on the counter represented-a cumulative total of steps. In order to obtain the number of steps taken during any one particular time period, readings were taken at intervals and the previous recordings subtracted from the new recording. Values were doubled to allow for reciprocal walking. Where possible the counter was attached to the RGO as soon as the patient consented to participate in the stimulation programme. The counter reading was recorded for approximately 18 months. During this time patients were supplied with the hybrid orthosis.
Validity and reliability
The validity and reliability of the step counting device were assessed in the laboratory where a sound box was used instead of a counter. The position of the contact switch was adjusted until the "beep" emitted from the sound box coincided with one step. Once it was clear that accurate information was being obtained the sound box was replaced with the digital, electronic counter. For each patient the position of the switch was altered until an accurate recording was achieved when the patient walked around a large laboratory area. The researcher counted the total number of steps taken by the patient using a hand held mechanical counter (itself assessed for reliability) and checked the electronic counter to ensure that this was recording accurately. The position of the contact switch was altered until three "test walks'' produced accurate results. At subsequent review appointments the actual number of steps taken during one or more 9Om walks was counted and compared with the counter reading in order to establish the reliability of the counter mechanism. The mean of the counter readings was used to determine the approximate stepdunit distance covered by the subjects.
Patient diary
In order to strengthen the results obtained using the step counter, subjects were ?able 2. Mean error (%) of the step counter (t 1SD) 1 11.1 t 1.9 n=7 higher 2 8.7 t 1.6 n d lower 3 8.0 t 2.1 n d higba 4 9.6 t 5.9 n=l higher 5 8 . 9 t 1.1 n=3 higher were asked to record information relating to a typical fortnight and not to wait until a time when they felt that they would be using the RGO more often or for longer periods. Diaries were issued: (i) as soon as the subject had agreed to participate in the study (subject using RGO (ii) 6 months after the start of the stimulation protocol;
(iii) 6 months after the end of gait training with the hybrid system, i.e. when the subject had been using the system at home for 6 months.
Results
Reliability
The step counters for Subjects 1, 3, 4 and 5 gave consistently higher readings than the actual number of steps taken. The counter for Subject 2 always gave a lower reading. The mean error obtained for each patient is shown in Table 2 and varied between 8.0% and 11.1%.
only);
Step counter Figure 3 shows the mean number of steps who was known to be the poorest user was the lowest of the group. Subject 4 was known to be the best RGO user and the only subject to use crutches and walk in the community. In the early part of the study her step counter reading variability was greater than can be accounted far exceeded that of the other subjects (Fig. 3) .
for by errors in the measuring system. Overall No subject showed a consistent pattern of RGO use of the RGO whether with or without use, i.e. there was considerable variability. This stimulation was low and there was no trend to 
-
increasing use following supply of the hybrid system. Statistical analysis of the results was not realistic.
Patient diary
The results from the patients diaries for Subjects 1-4 are shown in Figure 4 . Subject 5 did not return any of the diaries. RGO use by Subjects 1.2, and 3 was low, varying between a mean of 0. 20 h o d d a y and 1.75 h o d d a y . The poor use shown by Subjects 1, 2, and 3 (Fig. 4) is a reflection of the low counter readings shown in (Fig. 3) . Subject 4 demonstrated a Diary high level of RGO use in Diary 1 with a mean of over 7 hours a day, which far exceeded that of the other subjects. This was also seen in the step counter results (Fig. 3) . The problems mentioned earlier which resulted in a drop in use are reflected in Diaries 2 and 3. Subject 5 was known to be the poorest user at the start of the study. Despite written and verbal reminders, this patient never returned a diary. Statistical analysis using Wilcoxon matched pairs signed ranks test for the group showed no significant difference (at ~4 . 0 5 ) between Diary 1 and Diary 2 ( f l . 4 6 5 ) . Diary 2 and Diary 3 
Discussion
Compliance with the RGO and the hybrid system was poor and there was no apparant increase in RGO use following supply of electrical stimulation. No improvement in efficiency of ambulation was found when subjects used the hybrid system (Sykes et al. , 1996) . This may account for the lack of an increase in RGO use in the present study.
However the step counter results have to be looked at critically. Objective measurement of RGO home use is undoubtedly problematic and it would be inappropriate to claim that the step counter measured steps and only steps. Firstly it proved difficult to find a reliable measurement tool. Bassey et al. (1988) found a mechanical pedometer to be successful and reliable in elderly subjects. The commercial pedometer tried in the present study gave inaccurate results when used in conjunction with an RGO. Waters et al. (1978) used a heel contact switch in the shoe of one leg of their able bodied and disabled subjects to provide an ongoing measurement of step frequency during walking tests. They do not comment on the reliability of this system which was presumably good throughout the span of an individual walking test. Indeed, reliability of the step counter in the subject reported here was good whilst it was being assessed in the laboratory. However, accuracy deteriorated once the subject started using the RGO at home. It is suspected that this was related to the shoe (e.g. tightness of the laces) and deterioration of the sponge within the contact switch.
Interpretation of the results is complicated by the fact that practical problems were encountered in the search for a reliable measurement tool (outlined previously) which resulted in the loss of data, particularly baseline data for Subjects 1 and 2. This makes testing of the original hypothesis difficult. Whilst both diary and step counter results suggest no increase in RGO use following supply of the hybrid walking system, such a conclusion should be treated with caution on the basis of limited data. Nevertheless, the counter did highlight the variable, intennittent and overall poor use of the RGO amongst these adult patients. Equally it should be noted that in four subjects the results seen actually overestimate the RGO use.
Poor use of the RGO was not surprising given a knowledge of the patients and their lifestyles. All subjects had extensive hobbies or work commitments. The RGO and subsequently the hybrid system was used for exercise only in four of the five patients. Only Subject 4 used either system in a functional sense. It is suspected that failure of the RGO and hybrid systems to show high levels of use is due to their inability to increase function. Subjectively, none of the five subjects said that their function had improved since being supplied with the hybrid system. This contrasts with reports from Solomonow (1992) that some patients use the hybrid system daily in the workplace or for home ambulation for over 40 hours per week.
It is not believed that other studies have objectively measured RGO home use. Other published reports on the use of the RGO have relied on subjective information recalled by the patient. Guidera et al. (1993) assessed RGO use in children with myelodysplasia by interviewing the patient and family. Mean daily usage of the RGO was 6.9 hours. Adult patients were not included in the study. Sykes et al. (1995) used a questionnaire format. Median RGO use by patients aged under 18 was 3 hourdday compared with 2 hourdday by adult patients. Median weekly usage was 5 days by patients aged under 18 and 3.5 days by adult patients. However, such subjective measures rely. on retrospective recall by the patients and an estimate of their daily usage. Such observational methods do not allow for the fluctuations in use clearly seen in the objective data reported here.
Self-reporting of behaviour has been used successfully in other studies (Stephens et al., 1983) . In the present study self-reporting techniques proved to be problematic due to poor patient compliance. This was found with requests to the patients to record their step counter readings. The plateaux on the step counter graphs represent the mean number of steps taken per week during a particular time period. However, it is not possible to tell if a particular plateau should really represent a peak and a trough. There are two reasons for this inability to interpret the graph more accurately. Firstly, in order to reduce the placebo attention effect and get a more realistic picture of patients use of the RGO, review appointments were made 3-4 weeks apart once treatment was completed. This meant, however, that the researcher was only able to check the counter reading every few weeks. This was further exacerbated by cancellation of appointments by patients. Attempting to overcome this problem, patients were issued with a "step counter" form.
They were asked to write the date and the counter reading on the form once a week. In this way it was anticipated that more detailed data on RGO use could be obtained without involving more frequent contact with the patient. However, patient compliance was poor and only minimal additional data was obtained in this way. Whilst problems with data collection could affect the pattern of variability, the overall mean number of steps taken during the study remains low whether with or without electrical stimulation. This low use was reflected in the patient diaries.
Compliance with the diaries was also a problem, particularly in the case of Subject 5 who failed to return any of the diaries. The diary results for the remaining four subjects do, however, strengthen the reliability of the step counter results.
There may be many reasons why the subject group showed limited responsiveness for requests for information: they did not perceive the system as of any great benefit; they did not appreciate the importance of the information;
the study took a low priority in their lives andor they were not using the RGO. Non-use of the RGO was a major factor in the poor compliance of Subject 5 who often commented that he was going to start using the RGO more often and would then return his diary. It is impossible to know the extent to which the investigators persuasion to return a diary affected its result. The accuracy of the diary self-report could only be confirmed by an independent observer. This would obviously not be practical, and would itself influence RGO use.
Clearly problems have been demonstrated in measuring RGO use in the home, firstly in establishing a reliable objective measurement tool and secondly in overcoming problems of compliance with self-reporting techniques. The step counter was able to pick up gross changes in ambulatory behaviour with an accuracy of approximately 10%. The development of a more accurate and reliable mechanism for measuring home use would be an asset in measuring the outcome of orthotic changes made in the research environment. Indeed the authors feel that there is a need to find a means of measuring home use in order to interpret the clinical significance of objective measures determined in the laboratory. It is immaterial if any number of parameters can be shown to improve performance in the research environment, if the system under investigation is not used in the home. Therefore, an objective measurement of use should form part of the assessment of any new orthotic device for upright mobility of patients with spinal cord lesions. 
